INTRODUCTION
A large volume of research in the past recognize the significant role of trade on foreign commercially oriented innovations as a source of research and development (R&D) spillovers to the domestic economy (Bayoumi et al. 1999; Bitzer & Geishecker 2006; Coe & Helpman 1995; Coe et al. 1997; Keller 1998) As explained by Eaton and Kortum (2001) most of the new technologies are produced by only a few R&D intensive countries and imported by almost all countries in the world. This reflects that imports of equipment, which embody new technology and innovation, dominate most of the growth in these countries. Furthermore, innovation of the three most advanced countries like the United States, Germany and Japan account for nearly half of the growth in 19 OECD countries (Eaton & Kortum 1996) . The role of institutional quality in speeding up the growth process is emphasized by Coe et al. (2009) . Despite a transparency on business environments and a high quality of tertiary educational systems, strong patent protections also tend to benefit domestic countries. A strong patent protection regime is believed to be strongly associated with higher TFP level, higher returns to domestic R&D, and larger international R&D spillover.
Alternatively, technology may also be generated and transferred endogenously through locally initiated innovations. Innovative capacity of a country has widely been regarded as the driving force behind economic growth and competitiveness among developed nations.
As explained by Hu and Mathews (2005) , most of the latecomers (i.e., developing economies) had taken a longer time to catch-up to the leading frontier due to different needs. While the leading frontier countries are interested in maintaining their position as a leader in the state-of-the-art technology race, the latecomer however focus their innovation efforts to more targeted sectors in order to maintain their status as leading producers of certain products for instance information and communication technology (ICT) and electronics being led by South Korea, China, Taiwan, Hong Kong and Singapore, whereas for pharmaceuticals, medical and biotechnology also being led by the aforementioned countries with the addition of India and Brazil. In this research, our focus of innovation efforts among the developing countries is on the locally initiated innovation outputs referring to the number of successful patents applied/granted in three triad regions 1 . The triadic patent count is known to be at the forefront in the provision of world technology. The triadic patent family counts refer to a single identical invention with applications made and/or granted outside the territorial economic boundaries. Three economically important regions in the world in which the triadic patent count is measured are North America, i.e., the United States Patent and Trademark Office (USPTO); Europe, i.e., at the European Patent Office (EPO); and East Asia specifically the Japan Patent Office (JPO). All patent applications and/ or granted in these three intellectual property (IP) offices are considered to be of high economic value since they are worthy of the costly application process on the world's most important regional markets of newly invented technology. As levels of domestic intellectual property rights (IPR) policy are hypothesized to react differently on the extent of imported foreign R&D, a different trajectory effect may be expected from the triadic patent family.
As patent-based statistics has been widely regarded as an indication of innovative performance of a country, it is also subject to various criticisms. The use of patent statistics as a measure of the level of innovation has long been considered a well-grounded proxy (Ang 2010; Eaton & Kortum 1996 Madsen et al. 2010; Park 2013 ) with earlier surveys of the literature by Basberg (1987) and Griliches (1990) . Empirical studies using patent statistics may in some aspects produce a homecountry bias 2 . Thus, the use of triadic patent family may avoid or reduce the problem. Another advantage is that, triadic patent is an outcome of a result of R&D initiatives undertaken. In fact, the usage of triadic patent statistics to proxy domestic innovation efforts used in this research managed to increase the total number of country observations compared to alternative available proxies such as the number of R&D personnel or R&D expenses at the cross-country level.
The motivation of this research is to examine the effect of both foreign technologies embodied in imported capital and triadic patent propensity in determining the efficiency and productivity among the developing economies. As research focusing on foreign R&D spillovers and its speed-up effect to improve efficiency had been widely discussed, the literatures discussing the role of domestic innovation efforts led by triadic patent to speed up the same process is however still unclear, thus, showing a gap in the literature. In fact, to the best of our knowledge, none of the existing empirical research address the speed-up effect in the context of triadic patent, the directions that we intend to explore in this research. Therefore, in this research, we intend to explore the effect of triadic patent intensity on speeding up of domestic innovations and this becomes our main contribution. In this respect, our research relies on the theory of endogenous growth, where both foreign technology embodied in imported capital and triadic patent propensity are endogenously assumed to determine the growth process. The stochastic frontier analysis (SFA) is used to investigate the speed up effect when both foreign capital and triadic patent propensity is endogenously considered as additional inputs to determine the frontier. The SFA technique is used in this research due to its flexibility over the traditional accounting technique and ability in assessing and segregating technical efficiency from other total factor productivity (TFP) growth components. In fact, the SFA technique we employ in this research is able to estimate the individual speed-up effect both from foreign capital and the triadic patent. We address whether foreign technology and triadic patent propensity raises production efficiency by indirectly affecting the speed-up rate to reach the desired frontier. This argument relates to the issue of economic convergence or efficiency improvement triggered by foreign capital and triadic patent propensity in the process of achieving higher total factor productivity (TFP) growth. While past empirical studies indicate a monotonic direction of foreign capital towards domestic growth and productivity improvement, our results seem to confirm the hypothesis but some deviations are also observed. In fact, a similar finding is found for triadic patent propensity. In general, our results indicate that both foreign imported capital and triadic patent propensity only slightly improve technical efficiency with nearly halve of the sample either showing some divergence or at least reduction in the rate of divergence.
This article estimates the speed up effect of foreign imported capital and domestic innovation efforts for a panel of 36 developing and emerging economies for the period 1990 to 2010 3 . The construct of this article is as follows: Section 2 reviews some of the key literature; Section 3 outlines the proposed model, while Section 4 discusses the data coverage. Section 5 presents the results and Section 6 concludes the study.
LITERATURE REVIEW
This study relates to the literature on embodied technologies through capital imports from technological leaders. A number of key literatures highlight the significant role of imported capital as one of the major engines for technological progress either to developed or developing nations (Coe & Helpman 1995; Coe et al. 1997) . Coe and Helpman (1995) implicitly portray that the effectiveness of foreign R&D as a source of domestic total factor productivity (TFP) growth is partially determined by the domestic R&D stock. For countries with higher domestic R&D stock (i.e., the G7 group), the elasticity of TFP growth with respect to foreign capital import is found to be small; however, the elasticity is higher when domestic R&D stock is smaller (i.e., for another 15 economies). The authors also argue that, higher elasticity to TFP growth, an evidence of international spillover recorded among the smaller countries is due to the higher trade openness. The substantial benefits derived from R&D initiative originating from industrial country trading partners as found in Coe and Helpman (1995) has led Coe et al. (1997) to examine the possible impact on a group of 77 less developing economies for the years 1970 to 1990. In contrast to the previous 1995 article, Coe et al. (1997) added that as developing countries trade-related experiences with industrialized countries increases over time, the benefit of such trade relationship to developing economies increases. In addition, the authors also add that, higher secondary school enrollment ratio may also trigger the benefits from marginalized foreign R&D into higher TFP growth.
As economic growth is a complex process, the effect from human capital and other institutional factors are also considered in many empirical studies. In a similar vein, the empirical evidence underlined in Coe and Helpman (1995) as revised in Coe et al. (2009) 4 also take these factors into consideration. The finding from Coe et al. (2009) stress that in addition to their earlier analysis, the evidence of significant human capital effect and differences in selected institutional factors in mediating growth processes to achieve higher TFP growth across developed economies further confirm the interdependence on foreign capital as a source of international R&D spillover indeed exist.
In the developing economies context, higher growth is achievable through various channels, but imported foreign technology 5 will always be a source of alternative technology preferred by developing economies. A majority of the developing nations rely on foreign technology to assist their growth, as the capacity of homegrown technology is constrained by a limited endowment of available quality resources. As global innovated technology and trade are dominated only by a few advanced countries (Eaton & Kortum, 2001 ) and with scarce access to homegrown technology, developing nations accessibility to new technology sourced through the importation of foreign technology embodied in capital imports is the best available alternative to assist growth and productivity. However, in some cases, this has not truly translated into pure technical efficiency especially for agricultural driven sectors for countries within the African region and other parts of the world.
A number of empirical studies (Henry et al. 2009; Mastromarco 2008; Mastromarco & Ghosh 2009 ) highlight higher efficiency rate resulting from utilizing foreign technology in assisting better growth and enhancing productivity for developing economies. These studies however employ comparably superior stochastic frontier analysis technique to previously proposed regression approaches appearing in Coe and Helpman (1995) , Coe et al. (1997) and Coe et al. (2009) .
The advantages of SFA technique in simultaneously determining technical efficiency and other TFP growth components are discussed in the next section.
Among others, Henry et al. (2009) , underline the importance of trade-related foreign R&D as a medium for transfer of technology by which a reduction in technical inefficiency among developing economies is significantly observed. The authors also emphasize that trend in productivity growth are regionally uneven due to differences in trade openness and non-negligible trade volume in imported capital activities and also in countries where activities are driven by agricultural sectors. Mastromarco (2008) has highlighted the simultaneous importance of imported capital goods, FDI and human capital in the process of reaching the frontier. The author explicitly underline that the role of imported capital is insignificant compared to FDI and human capital. The important implication from Mastromarco (2008) points to the positive externality effect of FDI which suggest the explicit role of general knowledge as a key determinant in technology transfer rather than specific imported capital in determining higher efficiency.
Mastromarco and Ghosh (2009) re-emphasize the important role of four potential sources of efficiency, i.e., human capital, FDI, imports of machinery and equipment (ME) and imported foreign R&D when estimating a frontier for 57 developing economies between 1981-2000. The authors adopt a production function with two inputs and solve it using translog SFA production function. All four potential sources of technology are then included as determinants of inefficiency. The authors found a strong mediation effect of human capital either directly or indirectly through liberalization and global trade process.
The effects of R&D spillovers to the receiving countries have been largely documented in the past. Research on trade as a channel for knowledge diffusion as pioneered by Coe and Helpman (1995) have been a subject of discussion by many authors; see for examples, Coe et al. (1997) , Keller (1998) , Bayoumi et al. (1999) , Bitzer and Geishecker (2006) and Coe et al. (2009) . One thing in common is that trade in the commercialized foreign R&D by itself may induce growth and efficiency in different fashions either exogenously or endogenously. Earlier growth economists believe the former, and the latter as argued by Grossman and Helpman (1991) and a series of studies accepting his ideas, to be endogenously driven. However, due to the development on econometric tools and modeling strategy, the differences between the two may be justified according to specific objectives that a researcher wants to achieve (Mastromarco & Ghosh 2009 ).
There exist literature that accept the ideas of traderelated spillovers as a channel of diffusion for technology into the recipient countries as we mentioned earlier in this section. Why trade-related spillover becomes one of the important channels for technology diffusion? As argued by Eaton and Kortum (2001) , trade on newly invented technologies is dominated by a few of the leading countries to the laggard countries, but it is always subject to various limitations than perfections (Coe et al. 2009 ).
Since newly invented technologies produced by the leading frontier countries are always as costly as its benefits, trade issues remain high on the agenda when standards of patent protection are not properly enforced in the first place. As an alternative source to foreign technology, domestic initiative of homegrown technology related to patenting activities is used to indicate innovation effort. The use of patent-based statistics as indicators of innovations has been widely recognized (Basberg, 1987; Griliches, 1990 ) and considered as a well-grounded proxy despite its criticisms. The patent-based statistics had been used in many empirical studies which can be found in Eaton and Kortum (1996 , Ang (2010) , Madsen et al. (2010) and Park (2013) . It has also been used at various levels such as cross-country level (Hu & Mathews, 2005) , industrial level (Fung & Chow 2002; Lach 1995) , and firm level (Allred & Park 2007 ).
The application of patent citations to indicate level of innovation activities can be found in Hu and Jaffe (2003) , MacGarvie (2005) , Lee (2006) , Gomes-Casseres et al. (2006) , Sternitzke et al. (2008) and Hu & Jefferson (2009) . Patents exist both to encourage inventive activity and to facilitate assimilation of new technologies into the broader economy. All patent systems require an invention to satisfy requirements for novelty, an inventive step ('non-obviousness') and industrial applicability in order to be patentable. The stringency of these standards sets the bar for earning exclusive rights, 20 years on average. Patent breadth defines the extent of the claim protected and permissible activities in using the patented information. Thus, having low novelty standards and recognizing only narrow claims encourages small and incremental inventions while limiting incentives for R&D into fundamental technologies. This is especially the case if the patent laws provide liberal treatment of reverse engineering of patented products, thereby promoting imitative forms of R&D. Considering the significant use of patent-based statistic to indicate innovations in the past, empirical researches tend to selectively consider only patent of high quality to be used to indicate quality innovation activities. Since patent quality is a subjective matter, economists tend to indicate a quality patent according to specific geographical region of a patent application. In this instance, economists agree that, a high quality patent count referring to the destinations in which the patent is intended to seek for protection. In a large number of studies, the use of patent-based statistics applied and/ or registered in the United States Patent & Trademark Office (USPTO), the Japanese Patent Office (JPO) and the European Patent Office (EPO) are preferred as the triadic patent families count destination. As the level of domestic IPR policy is hypothesized to react differently on the extent of imported foreign R&D, different trajectory effects may be expected from triadic patent family.
METHODOLOGY
We utilize the translog SFA model due to its flexibility in capturing non-neutral technical progress compared to the traditional Cobb-Douglas model. This method is found to be superior to the traditional Solow-residual or growth-accounting technique where the ability in measuring technical change 6 is widely doubted. Besides, measuring technical efficiency change as a result of foreign technology utilization is easily assessed; the decomposition of total factor productivity (TFP) growth using this technique is found to be robust.
Our method uses a modification of the time-varying inefficiency model. In general, there are various timevarying inefficiency models offered in the literature, but the method proposed by Kumbhakar and Wang (2005) and Cuesta (2000) fit our research objectives better. In this respect, one can estimate individual technological catch-up effect more easily by considering the SFA technique proposed by Cuesta (2000) capable of capturing the time-invariant or individual heterogeneity in the inefficiency function as in Kumbhakar and Wang (2005) .
Precisely, the Kumbhakar and Wang (2005) approach has the advantage in controlling country heterogeneity either through country-specific fixed effects intercept in the production function or country-specific timeinvariant feature within the inefficiency mean function. The Cuesta (2000) approach however has the advantage in estimating individual time temporal variation
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. The combination of these techniques allows us to analyze both the technological catch-up effect and the convergence rate effect easily, which has not been attempted by existing empirical research.
Generally, the stochastic character of the frontier is described by the following common production set with X it inputs and producing at the optimum output level Y* as:
where β and t are coefficients and time trend respectively. The production frontier represented by Eq. (1) is the optimal set of output produced for a range of input vectors (X it ) with the stochastic features of the model captured by the v it term. The term accommodates noise or random shock in the data and is assumed to be independent and identically distributed (i.i.d) for simplifying the inferences. See Kumbhakar and Lovell (2003) for details of the SFA model. Some countries, however, may lack the ability to employ existing technologies efficiently and end up producing at the sub-optimal frontier. This difference refers to inefficiency i.e., denoted by the term exp{-u it }. 
The stochastic production function in this research will utilize translog form in estimating the input coefficient (X it ) including the time trend (t). The Y it or output is represented by per capita real gross domestic product (YL), with input vectors of X it each represented by per capita Gross Capital Formation or capital stock (KL), per capita human capital (HL), per capita foreign research and development (FRDL) and triadic patent propensity (TPL). All output, capital stock and foreign R&D are measured in million US dollar at constant 2005 US price. All variables are transformed into logarithm form.
We modify the modeling approach of Cuesta (2000) by excluding the time dummy due to longer time series observations and also exclude the individual fixed effect intercept [as in Kumbhakar and Wang (2005) ] from the production function setup. The exclusion of individual fixed effect intercept from the production function is substituted with individual time temporal variation (G t ) following the Cuesta (2000) approach. With both modifications, we manage to avoid complex modeling iteration process and also avoid losses in degrees of freedom when running the model specification using the log likelihood ratio (LR) test. The term exp{-u it } is composed of two inter-connected exponential functions; the individual time temporal variation (G t ) and inefficiency time-invariant mean function (u t ), which is assumed to follow;
The u i function is specified as the mean function of each country time-invariant initial endowment characteristics. In our case, we consider including the initial endowment of foreign R&D-to-labour ratio (iniFRDL) and initial triadic patent propensity ratio (iniTPL) as an initial specific capital specified at the earliest observation for each sample. Both iniFRDL and iniTPL are in logarithm form; with each δ 1 and η 1 coefficient in both Eq. (4) . The initial foreign R&D-to-labour ratio (iniFRDL) and initial triadic patent propensity ratio (iniTPL) estimated coefficient δ 1 and η 1 imply the initial inefficiency gap or distance from reaching the desired frontier. A negative δ 1 and η 1 coefficient signify the potential reduction in inefficiency and the individual "catch-up" rate estimated from the G t function [exp{ξ i (t -t)] is the required momentum to reduce the inefficiency gap or to reach individual potential frontier gap. In our case, the "catch-up" rate varies across countries, with a negative sign indicating convergence and divergence if the sign is stated otherwise. The rate of convergences (ρ it ) is then simply derived by totally differentiating the function with respect to time (t) as described in Eq. (6) and prediction on the convergence rate is partially determined by the predicted value on conditional technical inefficiency u^i 
where return to scale (RTS) represented by summation of kth ε i input-elasticity. The second term of the RHS of Eq. (7) is a summation ratio of output elasticity to input growth variation or percentage change in input usage. As Kumar and Russell (2002) mentioned, productivity change can occur due to (i) a shift in the production function, (ii) change in efficiency, and (iii) scale economies (dis-economies). Alternatively, TFP growth is also predicted by excluding the scale economies (diseconomies) component. The TFP growth is estimated as follows:
We differentiate the SF model according to three different setup of u it function. The SF0 is specified assuming δ 1 = 0. The SF1 specified with δ 1 (iniFRDL it ) and the SF2 specified with η 1 (iniTPL it ) . Our SC estimate shows that a majority of the developing countries suffer from diseconomies of scale, meaning that costs of inputs hugely dominate output growth in the production process (refer to Table 2, PART [A]). In general, the production processes are highly input driven with per capita output elasticity from per capita capital dominating the production technology at a value of 0.3884 and 0.3899 for SF1 and SF2 respectively. This therefore squeezes the overall TF . P measure.
DATA
Details of variables used in this research are described in Table 1 . This research optimizes secondary data compiled from various trusted databases (Data descriptions are presented in Table 1 ). This study focuses on a total of 36 developing and emerging economies over the period 1990-2010. Due to missing observations, we only manage to compile an unbalanced panel of 747 observations over the stipulated time frame. The chosen time frames of 1990-2010 are due to several reasons. Observations on foreign R&D imports from the OECD Science and Technology database only started in 1988 with latest observation in 2011, but due to large missing values for data in 1988 and 1999 and also for observation in 2011 especially among the developing economies, we decided to use observation 1990 to 2010 as our final time frame. In fact, data on triadic patent statistics only appear starting in 1990 in the OECD Patent statistics database.
The output and physical capital variable are measures of GDP at US constant 2005 prices and the physical capital stock measured by gross capital formation (GCF) at constant 2005 US price derived using the perpetual inventory method (PIM) with 5% depreciation rate. The estimations of the physical stock at the cross-country level use the earliest available observation i.e., 1960. Total labor is measured by total labor force, human capital measures adopted from the dataset of Barro and Lee (2013) measured by average number of years of schooling for population aged 25 and above.
The measure of R&D is the imported capital from 20 OECD countries. The imported capital is measured by a ratio of imported capital goods on machinery and equipment over the 20 OECD countries GDP, extracted from STAN Bilateral trade database-ISIC4 (OECD) and weighted by the R&D stock of 20 OECD countries. The imported R&D stock is estimated using the PIM methods with 5% depreciation rate.
The triadic patent family counts are gathered from the OECD Patent Statistics 10 . The use of triadic patent family counts to measure domestic technological capabilities is basically referring to the total number of patents observed at the earliest priority filing for each country i.e., based on inventor's country of residence or residence country of the applicant observed at the earliest priority date. The measure of technological capabilities as defined by the triadic patent family is of importance to avoid home country bias when using the locally counted or foreign counted patents in the domestic market. The triadic patent family is basically a count of patents of the identical invention of each country with applications made and/or granted outside their territorial economic boundaries. Unlike the traditional counted patent statistics, which suffers from home country biases, the triadic patent count, is basically counted in the triad region, the region known to be at the forefront in the world technological provider. The use of triadic patent family counts is basically referring to the total number of patents observed at the earliest priority filing for each country i.e. based on inventor's country of residence or residence country of the applicant observed at the earliest priority date.
Due to unavailable observations, the triadic patent family counts only cover 36 developing countries in the sample set, which altogether determine the total number of countries in our samples and thus limit the time series observations. The data is then transformed into logarithm using the following procedure; ln(1 + (TPL)) to represent triadic patent propensity; triadic patent per million labor force. The applied procedure i.e., adding a constant as for the transformation is needed to preserve the "zero" observation figure observed across countries within the time period.
ANALYSIS OF RESULTS AND DISCUSSION
As in Table 1 The empirical model comparing the three-translog SFA production function is shown in Table 2. All models are specified with added inputs of foreign R&D and triadic patent propensity in determining frontier technology. In the first model (SF0), all countries are assumed to have a common inefficiency as specified by δ 0 . In the second model (SF1), log of initial foreign R&D-to-labour (iniFRDL) ratio is fitted into the inefficiency equation, to capture the initial conditions or capacity of foreign R&D towards inefficiency. Whereas, in the third model (SF2), the inefficiency function is fitted with log of initial triadic patent propensity (iniTPL), capturing the capacity of homegrown technology efforts.
Generally, in all specifications the production technology is considered as capital-intensive where capital per labour dominates all other inputs to determine the output growth (See PART [A] of Table  2 ). It is estimated that elasticity of capital-to-labour ratio, human capital-to-labour ratio, foreign R&D-tolabour ratio and patent triadic propensity with respect to output growth is consistent across all specification in determining output growth. Our estimates also portray evidence on the potential in inefficiency reduction as predicted by countries heterogeneity estimate from log of initial foreign R&D capacity (iniFRDL) and log of initial triadic patent propensity (iniTPL). The potential inefficiency reduction predicted from utilizing foreign R&D in model SF1 is around 0.29% and 0.26% reduction in inefficiency as predicted from initiative of domestic homegrown technology in SF2 model. The potential technical efficiency is predicted by the G t function (countryspecific temporal variation). For example, to gain the potential technical efficiency resulting from utilizing foreign R&D and triadic patent propensity, Turkey's technological catch-up rate needs to be sustained annually at an average of 7.4% and 7.6% respectively (see PART [B] of Table 2 ). Our results on the effect of foreign imported R&D in improving technical efficiency is comparable to Henry et al. (2009) , where their model estimates the effect of capital imports in improving efficiency to around 0.239%. As for the effect of triadic patent propensity to efficiency improvement, we are unable to compare our results with any previous empirical finding since there is no empirical research (to the best of our knowledge) using the similar variable as we did, except the study by Mastromarco and Ghosh (2009) . In fact, Mastromarco and Ghosh (2009) however use a totally different approach from ours. The authors uses total patent applications for non-residents in their developing countries sample to proxy imported R&D as one of the channel for technology diffusion and found that total patent application from non-residents is positively related to developing economies efficiency.
The estimates on country-specific temporal variation show that nearly 52% of the samples exhibit movement towards the frontier (technological catchup) with Turkey being the highest and Brazil being the lowest (results for Brazil is not shown in Table 2 due to space constraints and in fact the technological catch-up rate is less significant). Only 10 countries out of 19 show a significant technological catch-up rate (i.e., evidence of convergence) as predicted from all models, namely Argentina, China, Indonesia, India, Iran, Thailand, Trinidad and Tobago, Tunisia, Turkey and Uruguay. Unfortunately, for the purposes of comparison on the incidence of technological catch- The suitability of translog specification is reported in
. We test both the hypothesis of Cobb-Douglas (CD) specification form and non-neutral technological progress. In both SFA specifications function, we reject the hypothesis of CD specification and non-neutrality for technological progress at 1% level, which tell us the suitability of the chosen non-linear functional form. The test statistics follows a χ 2 distribution. In addition, we also test the null hypothesis of log initial foreign R&D per capita and log initial triadic patent propensity in the (4) and (5).
The pure TFP growth however is related to a summation of pure TEC gain estimates plus other estimates on TC and scale economies. A pure TFP growth again is compared to the estimates of TFP growth of SF1 and SF2 to SF0, a similar approach to pure TEC gain procedure. For example, an estimate of pure TEC gain observed from either SF1 or SF2 is the key consideration of pure TFP growth incidence. A pure TFP growth from SF1 or SF2 is observed if the TFP growth estimate is higher than estimates from SF0.
Detailed estimates of the TFP growth decomposition is appended in Appendix 3. Our results identify five countries (i.e., China, Indonesia, India, Iran and Thailand) with incidence of pure TEC gain both in SF1 and SF2 but found no incidence of pure TFP growth due to strong scale diseconomies effect in these economies. The highest incidence of pure TEC gain is recorded in China (7.24% in SF1 and 7.05% in SF2) and Iran (1.58% in SF1 and 1.56% in SF2) being the lowest for both specifications. The explanations for such improvement are possibly due to the embarkation of new industrial policy in which the imported foreign R&D suits the targeted sector and liberalization of economic policy being undertaken in those countries.
These arguments are also plausible for countries with subsequent main economic contribution derived from newly embarked product innovation-based activities, for example, high-tech and heavy industries, which mainly characterize emerging economies such as China, Indonesia, India and Thailand especially in the automotive industries (Biswajit et al., 2007) . These four economies largely received huge foreign investment from big multinational automobiles players in the world especially from Japan, United States and Germany. As a hub for car assembling and parts distributors in the Asian region, the impact of triadic patent in this instance may also possibly play a complete mix and match or pseudocomplementary effect in the respective sector.
We also observe a significant divergence rate for Hong Kong, Taiwan, Chile, Colombia, Costa Rica, Ecuador, Guatemala, Kenya, El Salvador, Venezuela and Zimbabwe in our analysis. All listed countries are driven by non-manufacturing sectors, which portray why foreign specific capital and triadic patent are unsuccessful in showing a convergence (classical examples of miss-match technology needs), except for Hong Kong and Taiwan. These observations are also possibly due to fundamental economic structure as a majority of the listed countries is driven by agriculture rather that manufacturing. This therefore points to our argument that, specific foreign R&D imports are sector specific and does not suit the policy embarked on agricultural strategy. An improvement may probably be observed if general capital such as foreign direct investment (FDI) is considered in the analysis. We also observed anomalies in the catch-up rate from Saudi Arabia 11 .
The economies of Hong Kong and Taiwan are largely
supported by high-tech industries such as electronic components and lately innovation-driven companies play a vital role in shaping and developing their electronic sectors specifically in designing and manufacturing the state of the art technology in the information and communication technology (ICT) sector. As big players in the ICT sector at the international level, stiff competition from locally grown experts and technology is the key answer why specific foreign technology imports has failed to generate a sign of convergence in the analysis. This divergence effect is also observed from the inclusion of triadic patent propensity measure.
As primary manufacturers and suppliers of computer components and peripherals at the global platform, a sign of convergence may be witnessed if a form of specific measures of triadic patent propensity for ICT sector is used rather than the general triadic patent measure, as we did in this analysis 12 . In addition a less significant divergence incidence is also predicted in our analysis especially observed in Cyprus, Jordan, Mexico, Malaysia and Singapore.
The insignificant catch-up rates are observed from Brazil, Egypt, South Korea, Sri Lanka, Morocco, Pakistan, Peru and the Philippines. For the case of Brazil and South Korea, the role of foreign imported R&D is unlikely to improve technical efficiency due to the homegrown technology initiative being undertaken in those countries especially in the ICT sector. This also may possibly be due to the diminishing marginal effect of the existing accumulated foreign R&D stock, which sees why foreign technology has produced insignificant efficiency effect in this respect.
South Korea is actively involved in patenting activities for the two decades especially in the ICT sector and lately gain momentum as a competitive producer of ICT products and peripherals at the global market place especially for the brand Samsung and LG. Similar to our earlier argument, a sign of convergence may be witnessed if a form of specific measures of triadic patent propensity for ICT sector is used rather than general triadic patent count measure. However, for the case of Egypt, Sri Lanka, Morocco, Pakistan, Peru and the Philippines, the specific category of foreign imported R&D have minimal impact on the efficiency improvement as these countries probably require more general investment type such as FDI to promote growth and efficiency.
The estimate of TFP growth components of four regions is presented in Table 3 , with details at the individual country presented in Appendix 2. We classify the region for each country based on classification made by the United Nations Country Grouping. Two regions show scale diseconomies change with the remaining two regions showing otherwise. The measure of scale economies/diseconomies change (SC) is estimated using Eq. (7) for each country at the respective regional classifications. Negative estimates of SC represent scale diseconomies change whereas scale economies change states otherwise. Scale economies are observed higher in the Asian region in both specifications, with scale diseconomies higher in Latin America region. A positive TC is observed in all regions, an evidence of positive transmission of knowledge over time. A mix between convergence and divergence of technical efficiency change across all regions is observed in both SF1 and SF2 model. A divergence of TEC is observed in two regions i.e., Africa and Latin America as a result of utilizing foreign R&D as well as from the triadic patent propensity. This evidence re-emphasizes our earlier argument of technological miss-match between agriculture and manufacturing sector in both regions. All regions show positive growth on TFP led by the Asian region in both specifications. This is a clear indication of foreign technology spillover effect with domestic capacity of homegrown technology having similar capacity in achieving the growth momentum.
We also include tests of absolute and conditional β-and σ-convergence in our analysis. Readers are not to confuse with the term convergence when we discussed about the speed of convergence related to improvement on technical efficiency earlier, even though the estimate is related to TFP. This test is purely a two-stage approach, meaning that TFP measure estimated from the stochastic frontier technique in stage one is used in the second-stage.
The alternative test on absolute and conditional β-and σ-convergence of TFP employed in this study is owed to Miller and Upadhyay (2002) . Miller and Upadhyay (2002) uses growth-accounting framework for a panel of 83 countries (mixed between developed and developing for the years 1960 to 1989) to estimate TFP but ours uses the stochastic frontier technique to produce more refined values of TFP for a panel of 36 developing and emerging economies (i.e., observed between 1990 to 2010).
There is a huge literature highlighting the longstanding debates on growth convergence especially within the neo-classical devotees. A symposium discussing the "Controversy on the Convergence and Divergence of Growth Rates" as documented in "The Economic Journal" in 1996, hinges on the issue of appropriateness of neo-classical estimation approach in predicting growth convergence or divergence. Despite strong empirical support (Sala-i-Martin 1996), the neo-classical approach is also subject to criticism. Bernard and Jones (1996) argue that the existence of technological diffusion and the role of capital accumulation in understanding issues of convergence and divergence estimated by the crosssection technique are likely to be less accurate. Quah (1996) however argue in order for convergence to be highly likely observed, time series data on real income per capita distribution need to be observed instead of cross-section. However, as pointed by Sala-i-Martin (1996) , despite its criticisms, the classical approach to convergence has survived such challenges.
We use an alternative approach of TFP growth measures by excluding the scale economies component in conducting this convergence test. The estimate of conditional β-convergence and absolute σ-convergence is depicted in Table 4 . We are unable to test the absolute β-convergence due to large missing observations in the process of transforming the TFP growth into logarithm form. The estimate for conditional β-convergence does not include any exogenous variables but only time trend and country dummy, an approach similar to Miller and Upadhyay (2002) . This approach is adequately less restricted considering that TFP generated in stage-one is flexibly captured within the translog production function. We differentiate our test for the four regions i.e., Africa, Middle East & Eastern Mediterranean, Latin America and Asia 13 , however; again due to missing observations, testing of conditional β-convergence for the African region cannot be conducted.
Evidence of conditional β-convergence is significant at least at 10% level in two regions i.e., Middle East & Eastern Mediterranean and Asian region except for the Latin American region as predicted in SF1. The Asian region records highest convergence as predicted by the SF2 model with other two regions showing insignificant convergence. It is observed that triadic patent propensity among countries in the Asian region has the capacity to accelerate the conditional TFP growth with convergence of 0.02% faster compared to foreign technology import. This evidence implies that both sources of technology are equally important for growth and efficiency.
A mixture of σ-convergence and divergence are observed across regions in both estimated models. The estimate of σ-convergence in SF1 and SF2 model shows a complete divergence over time except for two regions i.e., We also add to our analysis the estimates of β-and σ-convergence of TFP growth, to provide an alternative view on speed of convergence to the earlier TEC analysis. The evidence in this research not only confirms that imported technology from advanced trade partners play a significant role in achieving a higher efficient frontier but it also predicts that domestic capacity of homegrown technology has the momentum to achieve a similar capacity. Even though evidence of pure TFP growth is not shown in our analysis, foreign imported capital is indeed important in achieving higher growth. This impact is significant in laying a platform to at least initiate or embark on the innovating effort to produce quality novel research (triadic patent), specifically for the latecomer countries in the Asian region such as China, South Korea, Singapore, Taiwan, Hong Kong and India. This also applies to countries in Latin America such as Brazil and Argentina. Triadic patent describes a country's ability to compete in terms of the creation of the latest technology. Although this study is limited to 36 developing and emerging countries, but the implications of the result from this study in terms of capacity of domestic technology compared to foreign imported capital is critical to be highlighted.
As part of the policy recommendation, the triadic patent propensity may in fact be able to boost efficiency once proper initiatives and strategies are in place. It is also found that triadic patent may in fact possibly speed-up the process to at least achieve pure TFP gain if stronger pure TEC gain is witnessed from the triadic patent propensity effect at lower scale diseconomies. This argument is also relevant for foreign imported capital as well. As larger scale diseconomies is witnessed across all countries and regions, the speed up effect to reach higher growth through the triadic patent (or foreign imported capital) has at least slowed down. Therefore, policy targeted to improve input usage efficiency through proper human resource policy is highly recommended. In this respect we recommend restructuring the policy targeted to human capital. A higher quality of human capital may in fact trigger higher complementary impact on the technology usage both from foreign and domestic sources (Mastromarco & Ghosh 2009 ).
We also suggest some ideas for future research. First, in this study we only used total triadic patent to portray each country's domestic technology capacity without segregating the triadic patent into its specific sector due to serious data unavailability. Distinguishing the triadic patent into its specific technology sector, i.e., pharmaceutical, nanotechnology, biotechnology, Information and Communication technology (ICT) and medical patent may in fact produce more rigorous results (subject to data availability for developing countries) as far as country and sectoral heterogeneity is concerned. If data are sufficiently observed among the developing and emerging countries, this may probably be an interesting issue to be highlighted especially the TEC effect. As far as the triadic patent data is concerned, we observed a huge improvement in triadic patent protection from China, South Korea, Singapore, Brazil and Argentina in the triadic region especially from three categories of triadic patent, i.e., ICT, biotechnology and pharmaceutical patents. Second, we also have not distinguished between foreign trade partners especially the bilateral trade or the free trade agreement (FTA) among developing countries and its trade counterpart. This also will be an interesting issue to consider and we leave this for future research.
ENDNOTES
1 The home-country bias in patent statistics appears when using domestic patent statistics as a measure of technological capability. Therefore, to reduce the bias, most researchers used either foreign patent application/ registered in the domestic countries or the triadic patent count measure that we will use in this research. The use of triadic patent family counts is basically referring to the total number of patents observed at the earliest priority filing for each country, i.e., based on inventor's country of residence or residence country of the applicant observed at the earliest priority date. The priority date is the earliest date that one invention appears at the IP office records once the application was made. See Sternitzke (2009) productivity also tend to increase when factors such as ease of doing business, quality of tertiary education system, improvement on patent system and the origin of legal system are included in determining the productivity function. 5 Foreign technology could be in the form of FDI or imported capital goods. However, in this article we limit the discussion of foreign technology to foreign imported capital because it reflects a more direct measure of foreign technology penetration compared to FDI. 6 The interpretation of the residual as technical change as proposed by the growth-accounting approach is only valid if all countries are producing on their frontier, meaning that each country is producing at constant return to scale (CRS). In this research, since the sample are drawn from a group of developing and emerging countries, the assumption of CRS is found to be less valid as countries differ in rates of physical, human capital and population growth. These differences may deviate the initial conditions, which determine heterogeneous preferences and technology usage. 7 Kumbhakar and Wang (2005) only predict common-time temporal variation to partially determine the convergence process and control the heterogeneity by assuming country-specific fixed effect intercept in the production function. 8 If no endowment variables are specified in the U i function, then the function only consists of an autonomous constant term i.e., the mean of inefficiency are homogenous across country. 9 The conditional technical inefficiency score used in this article follows the method suggested by Jondrow et al. (1982) . In this estimate, the initial level of technical inefficiency, u i , is country-specific.
10 Triadic patent family in this study uses the current definitions of patent triadic region where all application of patent files should appear in the registration records in each IP office simultaneously i.e., the EPO, USPTO and the JPO respectively. 11 We consider the figure as anomalies because the unusual estimates keep on appearing as we attempt to re-estimate the frontier function by inserting different initial starting value for the function. 12 The triadic patent count that we apply in this study is a summation of triadic patent counted from five specific categories, i.e., triadic patent on ICT, triadic patent on biotechnology, triadic patent on medical, triadic patent on nanotechnology and triadic patent on pharmaceutical patents. 13 We lost the 1990 and 1991 observations in this processes. All observation is lost for 1990 due to mathematical operation in measuring Scale economies as in Eq. (6). We also lost the 1991 data due to lag operation to measure growth. 
